Objectives: The effect of breastfeeding duration on the prevalence of overweight and on mean weight for height z-score (WHZ) was evaluated in Brazilian children. Design: Prospective population-based birth cohort study. Subjects: In total, 1273 children aged 4 years, corresponding to a follow-up rate of 87.2%. Measurements: Three explanatory variables were studied: duration of any breastfeeding, duration of exclusive or predominant breastfeeding, and ever breastfeeding. Weight and height were measured using a digital electronic scale and a portable stadiometer. Overweight was defined as WHZ 42 using the National Center for Health Statistics reference curve. Results: Overweight prevalence at the age of 4 years was 10.2% (95% CI 8.4; 11.8). The lowest prevalence (6.5%) was observed among children breastfed for 411 months. Among those breastfed for less than 3 months, the prevalence of overweight was approximately 9.5%. Mean WHZ ranged from 0.38 among children breastfed for less than 1 month to 0.62 among those breastfed for 9-11.9 months. No linear trends were detected in the association between breastfeeding and anthropometric indicators. None of the three breastfeeding variables was significantly associated with the prevalence of overweight or mean WHZ in multivariable analyses. No interactions were detected between breastfeeding and the variables sex, birth weight, socioeconomic status, skin color and pregestational in body mass index. Conclusion: Our results do not support the hypothesis that breastfeeding promotion would reduce overweight or obesity in this population. Existing evidence on many other benefits of breastfeeding for the mother and the child supports its continued promotion, protection and support.
Introduction
Data from low-and middle-income countries show a rapid increase in the proportion of overweight children. 1 Similar increases have been described in the United States 2 and in other high-income countries. 3 Several studies suggest that overweight children have a greater likelihood of being obese adults, [4] [5] [6] [7] [8] who then face an increased risk of chronic diseases and premature mortality. 9 As overweight is difficult to treat, prevention is key to controlling this epidemic and identification of modifiable risk and protective factors is essential. The short-term benefits of breastfeeding in early childhood are well established in the literature. 10 More recently, a possible long-term protective effect of breastfeeding on the risk of overweight has received widespread attention. However, data on this issue are inconsistent. Although a number of studies found a protective effect, [11] [12] [13] [14] others reported no effects of breastfeeding on subsequent overweight. [15] [16] [17] [18] Small studies tended to report greater effects. [19] [20] [21] Four meta-analyses were revised. In a 2003 review of 11 studies, Dewey 22 concluded that breastfeeding reduces the risk of child overweight to a moderate extent. Arenz et al., 23 after pooling data from nine studies, concluded that breastfeeding seems to have a small but consistent protective effect against obesity in children, and reported no evidence of publication bias. More recently, Owen et al. 24 showed a moderate protection of breastfeeding on the risk of obesity in a review of 28 studies. Unlike Arenz et al., 23 they found evidence of publication bias and highlighted the need to include nonpublished data. The possibility of residual confounding was also mentioned. Using a different approach, Owen et al. (personal communication) analyzed data from 45 studies, concluding that the crude effect of breastfeeding on mean body mass index (BMI) is eliminated after adjustment for socioeconomic level, maternal smoking and maternal BMI. Results from these four meta-analyses, therefore, are not entirely consistent, but it should be noted that different outcomes were used. Residual confounding may also play a role. 25 Mothers who breastfed for longer durations may be different from those who do not, or who breastfeed for short periods, in terms of socioeconomic level and education -which are possible to quantify -but also in terms of attitudes to health and diet.
The latter variables are difficult to quantify and thus to adjust for. Figure 1 presents postulated associations between breastfeeding, socioeconomic status (SES) and overweight in children from low-, middle-and high-income countries, highlighting the possibility of residual confounding. In high-income countries, breastfeeding tends to be more common among the upper social classes, 26, 27 which also tend to have more positive attitudes to child health and diet. 26 In middle-and low-income countries, on the other hand, the association between SES and breastfeeding is not clear cut, and in some countries there are inverse associations. 28 Therefore, studies in low-and middle-income countries are a possible alternative for minimizing residual confounding. However, these studies are rare -for example, in the Owen's et al. review (personal communication) including 45 studies, more than 90% of all studies were from high-income countries. Using a prospective cohort design in Brazil, we evaluated the effect of (a) total breastfeeding duration; (b) predominant breastfeeding duration; (c) ever breastfeeding; on the (a) prevalence of overweight (b) mean weight for height z-score (WHZ); at 4 years.
Methods
Pelotas is a Southern Brazilian city with 320 000 inhabitants. All hospital-delivered newborns during 1993 were enrolled in a birth cohort study, accounting for over 99% of all city births. Their mothers were interviewed on socioeconomic, demographic, behavioral, gestational and delivery characteristics, and newborns were weighed using calibrated pediatric scales.
Samples of the newborns were visited at home at different ages. The present analyses rely on data collected in visits taking place at the ages of 6, 12 and 48 months. These subsamples included all low birth weight (o2500 g) children and a 20% systematic sample of all other newborns. As low birth weight children were oversampled, analyses were weighted. During these visits, standardized questionnaires were applied to mothers, including information on breastfeeding duration and age at introduction of complementary fluids and foods. Questionnaires used in all phases of the birth cohort were based on widely tested instruments used in a previous birth cohort. 29 The questionnaires were tested in pilot studies and minor adaptations were made. Quality control included repeat visits to 10% of the children in the subsamples.
Weight and height at 4 years were measured using a digital electronic scale with 100 g precision (Uniscale, UNICEF, Copenhagen); and a locally developed portable stadiometer, with a precision of 1 mm. Overweight was defined as a WHZ 42 using the National Center for Health Statistics (NCHS) reference curve. 30 BMI (kg/m 2 ) was also calculated. Breastfeeding patterns were classified as follows:
Total breastfeeding duration in months: Information was collected in the 6, 12 and 48 months visits; the earliest available information on full weaning was used in order to minimize recall bias. Predominant breastfeeding in months: Exclusive breastfeeding was extremely short since virtually all children also received teas or water from the first week of life and were thus classified in the predominant breastfeeding category. This variable recorded the age at regular introduction of foods (other than breast milk, teas or water). As for total breastfeeding duration, the earliest available information was used. Ever breastfed: a dichotomous variable, coded as yes or no.
Several confounding variables were used in the analyses: maternal education (highest grade completed), maternal smoking during pregnancy (yes/no, regardless of the amount smoked), maternal BMI at the beginning of pregnancy (based on measured weight and height), weight gain during pregnancy, infant sex, infant skin color (reported by the mothers) and birth weight (in grams, measured using calibrated pediatric scales). An assets index was built following a factorial analysis of household goods, including radio, television, refrigerator, vacuum cleaner, washing Breastfeeding and overweight at 4 years CL Araújo et al machine, cars and others. The continuous assets index was divided into quintiles. The sample size allows the detection of odds ratios of 0.7 or lower, and differences in mean z-scores of 0.25 or greater, considering the exposure total breastfeeding duration, power of 80% and confidence level of 95%. Analyses were carried out using SPSS 10.0, and included logistic regression models for the prevalence of overweight and linear regression for the analyses of the WHZ and BMI, expressed as continuous variables. Confounding variables were incorporated in both models.
The Federal University of Pelotas Medical School Ethics Committee approved all phases of the study, and informed consent was obtained in each visit. Confidential data (names, addresses and phone numbers) were kept in a separate database with restricted access.
Results
A total of 5265 children fulfilled the birth cohort inclusion criteria, and successful interviews were completed to all but 16 (0.3%). A total of 1460 children were sampled for the 6-month, 1 and 4-year visits. Losses to follow-up represented 3.2% at the 6-month, 6.6% at the 12-month, and 12.8% at the 4-year visit. Out of the 1273 children located at 4 years, 1258 were measured. The average z-score of weight for height was 0.46 (s.d. 1.24). The 5th percentile was À1.24, the 25th was À0.35, the median was 0.29, the 75th percentile was 0.97 and the 95th was 2.94. The prevalence of overweight was 10.2% (CI 95% 8.4; 11.8). The prevalence of overweight according to the assets index was as follows: 1st quintile: 3.6%; 2nd quintile: 7.1%; 3rd quintiles: 10.8%; 4th quintile: 12.1%; 5th quintile: 12.2% (w 2 P for trend o0.001). Table 1 describes the sample in terms of infant sex (49% boys), infant skin color (three quarters white), birth weight (10% o2500 g and 6% X4000 g), quintiles of the assets index, maternal schooling (27% o4 years), smoking during pregnancy (33%) and maternal prepregnancy BMI (16% X26 kg/m Table 1 also shows the description of the three breastfeeding variables used in this analysis. Only 4% of all children were never breastfed. Around one quarter of the children were breastfed for less than 1 month, while 18% were breastfed for 12 months or more. Approximately, one in every four children was predominantly breastfed for less than 1 month, while 12% were predominantly breastfed for at least 4 months. Table 2 shows the association between breastfeeding and potential confounding variables. No clear gender differences were found. Breastfeeding tended to last longer for nonwhite infants. Birth weight was positively associated with predominant breastfeeding duration. Regarding maternal schooling or assets index categories, breastfeeding was longer for the intermediate groups of the socioeconomic variables. Maternal BMI did not show a clear association with breastfeeding, as well as maternal smoking. The maximum number of missing values was 43 (prepregnancy BMI).
Breastfeeding and overweight at 4 years CL Araújo et al Table 3 presents the prevalence of overweight according to the three breastfeeding variables. In the crude analyses, the prevalence of overweight tended to be higher for the groups with intermediate duration of total breastfeeding, but the differences were not significant (P ¼ 0.13). These results did not change substantially after adjusting for confounders. Duration of predominant breastfeeding also showed no significant association with overweight. No dose-response trends were observed for these two breastfeeding variables. Children who were never breastfed tended to have less overweight (5.9%) than those who were (10.4%), but this difference was not statistically significant. Table 4 repeats the analyses presented in Table 3 , for the continuous WHZ score. The only significant association was Likelihood-ratio test for heterogeneity and adjusted for infant sex, infant skin color, infant birthweight, assets index, maternal schooling, smoking during pregnancy and maternal pregestational body mass index.
Breastfeeding and overweight at 4 years CL Araújo et al an increase in mean z-score for children who were ever breastfed, but this was not longer significant after adjustment for confounders. Crude and adjusted analyses were repeated using BMI rather than WHZ, and results were unaltered (data not shown). All analyses were repeated after stratification for sex, birth weight (o2500 g or X2500 g), terciles of the assets index, maternal skin color and maternal prepregnancy BMI (o25, 25-29.9, X30 kg/m 2 ). There were no significant interactions between breastfeeding and these variables in the determination of overweight.
Discussion
The literature on the association between breastfeeding and anthropometry is inconsistent. The four available metaanalyses reached different conclusions. The reviews by Dewey et al., 22 Arenz et al. 23 and Owen et al. 24 concluded that breastfeeding protects against the prevalence of overweight, but Owen et al.(personal communication) found no effect on mean BMI. Breastfeeding may decrease the proportion of children at both ends of the BMI distribution, thus reducing the prevalence of overweight without affecting the mean value. 31 However, these differences may also be due to methodological issues. The four meta-analyses included different numbers of studies, ranging from nine to 45. Residual confounding and publication bias may also play a role. 25 Owen et al. 24 stated in the conclusion of a recent meta-analysis that 'a further review including large unpublished studies exploring the effect of confounding factors in more detail is needed'.
We believe that not enough attention has been given to residual confounding. Within high-income countries, breastfeeding tends to be positively associated with high SES and parental education. 26, 27 Better-off parents may also be more concerned about healthy diets and preventing child obesity than low-SES parents. Thus, crude analyses in these populations may report a protective effect, which is likely to be reduced or even disappear when SES-related confounders are adjusted for. This was precisely the case for the Owen et al.
(personal communication) analyses, in which the authors obtained original datasets from researchers and reanalyzed the data adjusting for SES indicators. Residual confounding is particularly important because adjustment for factors other than income and education, such as child care patterns and cultural practices, remains a challenge. This possibility has been widely discussed in the context of studies reporting an association between breastfeeding and intelligence, 32 but less attention seems to be given to this possibility in the literature on childhood overweight. Studies from low-and middle-income countries may help understand the role of residual confounding, because in many such settings breastfeeding does not show a clear trend among social groups (or if anything breastfeeding is shorter among the rich), and in addition overweight seems to be more common among the rich than the poor.
In our study, the association between SES and breastfeeding was barely significant (P ¼ 0.04) but there was no clear trend, because both the very poor and the very rich tended to breastfeed for shorter periods than the middle classes. Although prevalence of overweight was higher among the rich, the lack of a clear trend in breastfeeding according Wald test for heterogeneity and adjusted for infant sex, infant skin color, infant birth weight, assets index, maternal schooling, smoking during pregnancy, maternal body mass index prepregnancy and weight gain during pregnancy.
Breastfeeding and overweight at 4 years CL Araújo et al to SES means that the latter is unlikely to confound the association between breastfeeding and overweight. Indeed, our study found neither any association between breastfeeding duration and overweight, nor with mean WHZ, among 4-year-old children. In a previous birth cohort study in our city, breastfeeding duration was not associated with fatness at the age of 18 years. 17 The direct association between overweight and SES is compatible with other studies of Brazilian children and adolescents. 33 The situation for Brazilian adults, on the other hand is more complex. While overweight used to be more common among the rich, particularly for men, recent data indicate that the prevalence of overweight is increasing more rapidly among the poor. 34 Our data show that, as of 1997, richer children were more likely to be fat, but whether this will remain true when they become adults is still unknown. It was previously proposed that breastfeeding does not influence mean BMI in childhood, but only its variability; the standard deviation of BMI was negatively associated with the duration of breastfeeding in an American study. 35 In our sample, no such trend was found. The same study 35 only showed a significant association between the variables among non-Hispanic white children. Here, we found no such effect after stratification for maternal skin color. Actually, stratification for child skin color confirmed no evidence of interaction between breastfeeding and ethnicity.
Owing to the fact that breastfeeding for more than 12 months is rare in high-income countries, most existing studies were not able to report separately on this group due to sample size limitations. Nevertheless, two different studies 12, 14 showed a protective effect against overweight within such children. In our cohort, 18% of children were breastfed for 12 months or more; the adjusted mean z-score of weight/height for this group was similar to that of infants who were not breastfed and to those breastfed for up to 1 month (Table 4) . Regarding the prevalence of overweight, the group of children who were breastfed for 12 months or longer showed an adjusted odds ratio of 0.66 (95% CI 0.31; 1.38); the overall association was not significant (P ¼ 0.21). Therefore, there was no evidence that breastfeeding for over 12 months protects against overweight in our population. Some limitations of the present study should be considered. First, the study was sufficiently large to detect odds ratios of approximately 0.7 or lower associated with breastfeeding. Existing meta-analyses [22] [23] [24] suggested an effect ranging from 0.7 to 0.9, which our study would not be able to detect. Analyses using the continuous WHZ had sufficient power to detect differences in means of 0.25 z-scores or greater. It is important to note, however, that no linear trends were apparent in the associations investigated; this finding suggests that lack of power was not responsible for our negative findings. Also, the present analyses were restricted to the age of 4 years, and an effect at later ages cannot be ruled out. However, data from the Pelotas 1982 cohort did not find such association in adolescents aged 18 years. 17 While some authors suggest that positive effects of breastfeeding on body composition may become evident only in later life, 31 a recent meta-analysis found no evidence of effect modification by age. 24 Nonbreastfeeding is not a risk factor, like smoking or alcohol, to which one is either exposed on unexposed. Infants who are not breastfed must receive other types of food, and these may vary markedly between the rich and the poor, and between high-and low-income countries. Therefore, findings from a given setting may not be necessarily applicable to another environment. This highlights the need for additional studies from low-and middle-income countries. 24 Caution when generalizing findings is required.
Some strengths of our study should also be considered. First, our study is one of the few outside high-income countries to evaluate this association. As explained earlier, the likelihood of residual confounding by SES is lower in our study than in most of the literature, because breastfeeding is not associated with high SES in Brazil. Another issue is that we have adjusted for a large number of confounding variables, including those highlighted in a recent review. 24 Finally, the prospective nature of the information presented here rules out the likelihood of recall bias.
Future studies may wish to differentiate between fat and lean mass. As BMI includes both types of tissues, specific effects of breastfeeding on later body composition might not be detected. Few studies were able to tackle this issue. 13, 17 Our results do not support the hypothesis that breastfeeding promotion would reduce overweight in our population. Nevertheless, the strong evidence of the multiple benefits of breastfeeding for the mother and the child 10 supports its continued promotion, protection and support.
